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‘ I ’he  I n t e g r a t e d  P a r t i a l  P a y l o a d  L i f t i n g  Asseiiibly 
( I l ’ I ’ l , A )  i s  c u r r e n t l y  used t o  t r a i i s p o r  t a r i d  l o a d  
e x p e r i m e n t a l  p a y l o a d s  i i l t o  t h e  c a r g o  b a y  o f  t h e  S p a c e  
S t i u t t  Le. I t  i s  u n a b l e  t o  c a r r y  t h e  a s t r o r i a u t / ~ ~ a s s e r i g e r  
i ’ “  
tunr ic l  w i t l i o u t  11 s t r - u c t u r a l  n i o d i f i c a t i o n .  ‘l’tie p u r p o s e  of  
t h i s  s t u d e n t  d e s i g n  i s  t o  c r c n t e  a re i i iovable  r i i o d i f i c a t i o r l  
 hat w i  1 1  a 1  l o w  t h e  I P I ’ L A  t o  l i f t  n i i d  c a r r y  t h e  passenger 
t u r i r i e l .  Nod i f i c a t i o i i s  e v a l u a t e d  were  f u l l - l e r i g t l i  i n s e r t  
a t t a c l i n c r i t s  o f  c a r i t i  l e v e r  beail is t o  t h e  e x i s t i n g  s t r o i i g b n c k  
ariris. The c a n t  i l e v c r  p r o p o s a l s  retlucetl  c o s t  a n d  weight  
oiic s i d e  o f  t l i c  1 I ’ l ’ L A  t l i e ~  e l o r e  re t luc i i ig  t h e  i n a t e r i a l s  of 
t tie c a r i t  i l e v e r  p r o p o s a l s  b y  4 0  p c r c e i i t .  Tlie d c s i g r i  o f  t l i ( !  
j o i i i 1 . l ~  welded t o  a c c i i t e r c d  s t e e l  p l a t e .  A l l  w c l t l s  
c I i i i ~ i i i c I s ’  opcncd eiitls. TIie c x t e i i s i o i ~  ;Irni modi f i c a t  i o n  is 
i i i s r r t o t l  i n t o  t h e  e x i s t i n g  s t r o i i g l ) a c l c  c l i ~ ~ r i r i e l  I J C ? ; I I I I ~  a r i d  
I 
x x  
, ?  b o l t e d  i n t o  p l a c e .  I w o  e x t e n s i o n  a rms  a r e  a d d e d  t o  o n c  
s i d e  o f  t h e  1 I ‘ l ’ L A  t o  p r o v i d e  t h e  e x t r a  l e n g t h  needed  t o  
accomotlnte  t h e  p a s s e n g e r  t u n n e l ,  ‘l’he c e n t e r  c o u u t c r b a l a r i c c  
w i l l  t h e n  be o f f s e t  a b o u t  20 i n c h e s  t o  c e n t e r  g r a v i t y  and 
t h e r e f o r e  m a i n t a i n  h o r i z o n t a l  s t a t u s ,  T h i s  h o r i z o n t a l  
s t a t u s  i s  a n e c e s i s i t y  fG,r p r o p e r  l o a d i n g  of t h e  a s t r o r i u n t  
t u n n e l .  l l i e  e x t e n s i o n  arm modi f i c a t i o r i  was s e l e c t e d  
b e c a u s e  o f  m i n i m u m  c o s t ,  low w e i g h t ,  and minimal  
i n s t a l  L a t i o n  t i m e .  
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'ORIGINAE PAGB E$ 
OF POOR QU- 
1 N 'I' K O D I! C '1' I O N 
The N a t i o n a l  Acronau t i c  s and Space  A d m i  n i s t 1-8 t i  on 
( N A S A )  h a s  s u p p l i e d  a r eques t :  t o  i n c r e a s e  l i f t i n g  
c a p a b i l i t y  of t h e  I n t e g r a t e d  P a r t i a l  Pay load  L i f t i n g  
.,I 
1 :  
v u  
Assembly ( IPPLA).  The d e v i c e ,  a t  th i s  t i m e ,  s u c c e s s f u l l y  
s e r v e s  a s  a l i f t i n g  medium b y  which a c t u a l  p a y l o a d s  a r c  
l o a d e d  i n t o  t h e  c a r g o  b a y  o f  t h e  U . S .  Space  S h u t t l e .  'l'lie 
b a s i c  need o f  t h i s  e n t i r e  p r o j e c t  i s  t o  make 11 'PLA 
c o n i p l c t e l y  u n i v e r s a l .  C u r r e n ~ l y  , t h e  f u n c t i o i i  o f  IPl'lAA, 
a I s 0  r e f e r r e d  t o  a s  t h e  " w h i t e  w h a l e " ,  i s  L j n i i  t.ed because 
i t  i s  i n c a p a b l e  o f  l i f t i n g  t h e  a s t r o n a u t  t u i i n e l  t h a t  I c n t l s  
f r o m  t h e  c rew c a b i n  t o  t h e  c a r g o  b a y .  The d e v i c e  t h i l t  N A S A  
p r e s e n t l y  u s e s  t o  l o a d  t h e  a s t r o n a u t  t un r i e l  i s  r e f e r r e d  t o  
a s  a s t r o r i g b a c k .  I n  o r d e r  t o  u s e  t h e  s t r o n g b a c k ,  N A S A  must 
u s e  t h r e e  e n g i n e e r s ,  t w e l v e  t e c h i c i a n s ,  anti two c r a n e  
c r e w s .  NASA w i s h e s  t o  u s e  t h e  w h j t e  w h a l e  which w o u l d  o n l y  
r e q u i r e  one  e n g i n e e r ,  f o u r  t e c h n i c i a n s ,  and one  c r a n e  
c r e w .  The wl i i te  wha le  would a l s o  do t h e  j o b  i n  a f r n c t i u n  
o f  t h e  time t h a t  t h e  s t r o n g b a c k  c o u l d .  The s t r o n g b a c k  
r e q u i r e s  t w o  work ing  d a y s  o r  s i x t e e n  h o u r s  t o  d o  t h e  j o t )  
w h e r e a s  t h e  w h i t e  whale  c o u l d  c o m p l e t e  t h e  j o b  i n  t w o  
h o u r s .  ( R e f .  1 )  
l'lie w h i t e  whale  w i l l  have  t o  be m o d i f i e d  w i t h  
I 
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r e m o v a b l e  p a r t s  i I I  ortlcr- t o  accoiiia~otlatc t l l c  p n s s c ~ g c ~ r -  
t u n n e l  and s t i l l  c o n t i n u e  Lo d o  t h e  j o b  i t  was t ies igi icd t o  
d o ,  wtiich i s  L O  l o a d  pa l l e t s  and  M i s s i o n  f ' (~cuJ i n r  
E x p e r i m e n t  S u p p o r t  S t r u c t u r e s  (MPESS)  c o n t a i n i n g  
space-hourit i  e x p e r i m e n t s .  I n  s h o r t ,  m o d i f i c a t i o n  t o  t h c  
d e s i g n  p rob lem w i . 1 1  , sav9 N A S A  f o u r t e e n '  work ing  h o u r s ,  
r e d u c e  manpower b y  t w e l v e  and a t  an  a v e r a g e  p a y  o f  a b o u t '  
$ 3 0 / h r  w i l l  s a v e  $ 5 U 4 0 / l o a d i n g  of  t h e  p a s s e n g e r  
1 :  
t un r i c l .  ( K e f .  1 )  
1) IlTE K M  1 N I N G P1 EA N S 
'l'hc f o l l o w i n g  i d e a s  a l l  s e r v e  a s  p r o b a b l e  s o l u t i o n s  t o  
t h e  m o d i f i c a t i o n  o f  I P P L A .  A l l  m o d i f i c a t i o n s  a r e  b e i n g  
d i r e c t e d  toward  t h e  lowermos t  p o r t i o n  o f  t h e  w h i t e  wha le  
known a s  t h e  s t r o n g b a c k  c h a n n e l  beam. M o d i f i c a t i o n  i d e a s  
c o v e r  n rar ige t h a t  v a r i e s  f rom t h e  i n s e r t i o r i  o f  s o l i d  
s y m m e t r i c  beams t o  t h e  c o u p l i n g  o f  an  a syn ime t r i c  s q u a r e  
beam s l e e v e .  
The I P P L A  s o l u t i o n s  have  been c a t e g o r i z e d  i n t o  two 
main g r o u p s ;  f u l l - l e r i g t  ti and c a n t i l e v e r  beanis. ?'tic 
f u l l - l e n g t h  beams e x t e n d  t h r o u g l i o u t  t h e  c n t  i r e  l e n g t l i  o f  
t h e  s t r o n g b a c k  c h a n r l e l  w h e r e a s  t h e  c a n t i l e v e r  beams 0 1 1  1 y 
e x t e n d  t h r o u g h  a p o r t L o n  o f  t h e  c h a n n e l  . ( T a b l e  1 )  
'1'Iie f o u r  p r o p o s e d  s o l u t i o n s  i n  ttie' 1 - l e n g t t i  beam 
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catcxgory show the g r e a t e s t  s t r e r i g t l i  o f  a l l  o t h e r  tlesi ~ r i s ,  
b u t  t h e  d r a w b a c k s  a r e  t h e  c o s t ,  w e i g h t  and s i z e .  O n e  
p r o p o s e d  s o l u t i o n  i s  a s o l i d  beam which e x h i b i t s  t h e  
h i g h c s l  s t r e n g t h  b u t  a l s o  h a s  t h e  h i g h e s t  c o s t  and 
w e i g l i t . ( F i g .  1 )  ‘I’he d i s a d v a n t a g e  o f  w e i g h t  and s i z e  would 
a f f e c t  i n s t a l l a t i p n , ,  p o p t a b i l i t y  and l a b o r  c o s t .  A n  
improvement  on t h e  d e s i g n  a b o v e  l e a d s  u s  L O  t h e  p r o p o s a l  o f  
f u l l - l c n g t l i  c h a n n e l  beanis which c o u l d  d e c r e a s e  w e i g h t  b y  
7 8 . 5 %  a n d  t h e r e f o r e  d r a m a t i c a l l y  d e c r e a s e  c o s t  a t  $ 0 . 7 5 / 1 b  
o f  s t e e l .  ( K e f .  1 )  The I-beam and worm g e a r  a r e  s i n i p l c  
m o d i f i c a t i o n s  t o  t h e  p r e v i o u s  two d e s i g n s .  The worm g e a r  
mechanism ( F i g .  2 )  is  u s e d  i n  a hand c r a n k i n g  f a s h i o n  t o  
s t a t )  t i  z e  t h e  i n s e r t e d  brxani w h i c h  would in ip iove  i n s t a  t l a t i o i i  
aiid s t n b i l  i t y .  ( R e f .  2 )  As an  a 1  t c r n a t i v e ,  ari 2-beam d e s i g n  
( F i g .  3 )  was p r o p o s e d  t h a t  would d i s t r i b u L c  t h e  t u n n e l  l o a d  
o v e r  t h e  t o p  o f  t h e  m o d i f i e d  e x t e n s i o n s ,  t h e r e f o r e  
r e l i e v i n g  a p o r t i o n  of  t h e  l o a d  O I I  t h e  s e c u r i n g  b o l t s .  
E v e n  t h o u g h  t h e  rnodif i c a t i o n s  i n  th i s  g r o u p  c o u l d  
s u c c e s s f u l l y  s o l v e  o u r  p r o b l e m ,  f u r t h e r  s t u d y  h a s  shown 
t h a t  o t h e r  p r o p o s a l s  w i l l  y i e l d  even  b e t t e r  r e s u l t s .  
I ’  
The s e c o n d  o f  the two s o l u t i o n  g r o u p s  i s  t h a t  o f  
c a n t i  Lever beams. Two d i v i s i o n s  w i t h i n  th i s  g r o u p  have  
been t e rmed  symmetr ic  and a s y m m e t r i c ,  A l l  s y m m e t r i c  
d e s i g n s  w i l l  n o t  o f f s e t  I I ’ P L A ’ s  c e n t e r  o f  g r a v i t y .  ‘I’he 
a s y m m e t r i c  m o d i f i c a t i o n s  w i l l  r e q u i r e  use  o f  t h e  e x i s t i n g  
5 
. 
c o u n t e r w e i g h t s  t o  b a l a n c e  t h e  l i f t i n g  a s s e m b l y .  
The s y m m e t r i c  s u b g r o u p  c o n t a i n s  f i v e  p r o p o s a l s .  
F i r s t ,  hiriged e x t e n s i o n s  w i t h  t h e  a d d i t i o n  o f  s u p p u r t i i i p  
c a b l e s  ( F i g .  5 )  was c o n s i d e r e d  b e c a u s e  o f  i t s  p o r t a b i l i t y  
arid w e i g h t .  S e c o n d ,  a s i m p l e  i n s e r t i o n  of c a n t i l e v e r  broins 
w i t h   he u s e  o f  c i ab le s  $ ' F i g .  4 )  may i n ' c r e a s e  s t r e n g t h  o v e r  
t h e  h i n g e d  mechanism b u t  i t  w o u l d  a l s o  i n c r e a s e  w e i g h t .  B y  
e l i m i n a t i n g  t h e  s u p p o r t  c a b l e ,  c o s t  would d e c r e a s e  s l i g h t l y  
w i t h  mi Iiirnal s t r e n g l ; h  l o s t .  'rile t h i r d  antl f o u r t h  
niodif i c o t i o n s  c o u l d  be :~ccompl is t ic t l  b y  i n s e r t i o n  o f  c h a n n e l  
o r  s o l i d  c a n t i l e v e r  beams.  The c h a n n e l  i n s e r t i o n  p r o v e s  t o  
be dominan t  d u e  t o  r e l a L i v e l y  low w e i g h t  antl c o s t .  A f i f t h  
b u t  s i m i l a r  s o l u t i o n  i s  t h a t  of  a s q u a r e  beam s l e e v e  which 
would s l i d e  o v e r  t h e  e x i s t i n g  a rms  o f  t h e  s t r o n g b a c k  
c h a n n e l  beam. Advan tages  o f  t he  s q u a r e  s l e e v e  i n c l u d e  a 
c l o s e  f i t  o v e r  t h e  s t r o n g b a c k  c h a n n e l  beams and an 
i n c r e a s e d  moment of i n e r t i a  r e s u l t i n g  i n  l o w e r  s t r e s s . ( K e f .  
3 )  Once a g a i n ,  t h e  m o d i f i c a t i o n s  o f  t h e  s y m m e t r i c  
c a n t i l e v e r  s u b g r o u p  a r e  a g r e a t  improvement  o v e r  t h e  I 
I : u ~ . l - ~ e n g t h  beams, y e t  one  f i n a l  g r o u p  o f f e r s  even  g r c a t & r  
a 1) 1) e a 1. . 
The f i n a l .  g r o u p  o f  p r o p o s a l s  c o n s i s t s  o f  t h e  
a s y m m e t r i c  d e s i g n ' s ,  The a s y m m e t r i c  d e s i g n s  a r e  e x a c t l y  t h e  
same a s  t h e  s y m m e t r i c ,  w i t h  t h e  e x c e p t i o n  o f  l e n g t h  
d imens  ions. The a syn ime t r i c  d e s i g n s  r e q u B r e  p r e s e t t i n g  o f  
6 
t h e  ccri t e r  cou i i t e rwe i  g l i ~  O I I  t h e  r n a i i i  f T a m e  I ~ c c a u s c  
m o d i f i c a t i o n s  w i l l  be made t o  one s i d e  o f  t h e  1 P P L A  o n l y ,  
The a d v a n t a g e s  and d i s a d v a n t a g e s  o f  c a c h  proposc?  1 a r c  
wcigliccl i n  t a b l e  2. 'IIit* f i i l l -Lei ip , t I i  beaai ~ i r o p o s a l s  Iiavc 
been e I j mi nat.ed d u e  t o  e x c e s s i v e  c o s t  arid w e i g h t .  The 
s y m m e t r i c  c a n t j  leivver, beq>ms w i l l  r ema in '  a s  a d e q u a t e  
s o L u t i o r i s  t o  t h e  problen i ,  y e t  a d v a n t a g e s  of t h e  a s y m m e t r i c  
s o l u t i o n s  a p p e a r  t o  b e  o p t i m a l .  
1 ,  
The two most p r o b a b l e  s o l u t i o n s  t o  t h e  modif i c a t i o r i  
of  1I 'I - ' I ,A a r e  t h e  s l e e v e / i n s e r t  c a n t i l e v e r  ( F i g .  6 )  anti L h c  
h i n g c d / c a b l e  c a n t i l e v e r  ( F i g .  7 ) .  B o t h  d e s i g n s  have  been 
selectcicl  b e c a u s e  o f  r e d u c e d  c o s t ,  w e i g h t ,  and i n s t a l  l o t i o n  
t ime o v e r  a l l  p r e v i o u s l y  men t ioned  d e s i g n s .  Above a l l ,  t h e  
a d v a n t a g e  o f  a s y m m e t r i c  d e s i g n  p r e v a i l s  b e c a u s e  s t r e n g t h  
call b e  m a i n t a i n e d  w h i l e  t h e  amount of  b u i l d i n g  m a t e r i a l  h a s  
bccn rc~t luced b y  4 0 % .  
F u r t h e r  i n s i g h t  i n t o  t h e  h i n g e d  p r o p o s a l  shows 
c o m p l i c a t i o r i s  w i t h i n  t h e  h i n g e d  mechariism i t s e l f .  The 
h i n g e  would have  t o  b e  t o o l e d  from a s i n g l e  b i l l e t  o f  
s t r u c t u r a l  s t e e l  o r  i t  would have  t o  b e  made o f  m a t e r i a l s  
e x h i b i t i n g  t h e  p r o p e r t i e s  o f  t i t a n i u m .  1'hc p r o c e s s  o f  
wroug t i t i ng  o u t  t h e  h i n g e  f rom a s t e e l  b i l . l e t  i s  an  
7 
. 
e x p e r i s i v e  p r o c e s s .  ( K e f .  1 )  T i t a n i u m  e x h i b i t s  h i g h  
s t r e l l g t t l - t o - w e i g h t  r a t  i o  and e x c e l  l e n t  c o r r o s i o n  r e s i s t n r l c c  
b u t  h i g h  cos t .  o f  m a n u f a c t u r i n g  p r o d u c t s  and e x r r o c t i n p  
from t h e i r  o r e s  r u l e s  o u t  t h i s  p o s s i b i l i t y .  ( R e f .  4 )  Due t o  
the  h i n g e ’ s  d i s a d v a n t a g e s ,  t h e  s l e e v e / i n s e r t  beam i s  
p r e f e r ; i l ) l e .  ( F i g . ? 8 )  . -,f 
B y  i n s p e c t i o n  o f  F i g s .  8 R 9 ,  i t  c a n  be seen t h a t  t h e  
c h o s e n  d e s i g n  meets  t he  r e q u i r e m e n t  o f  b c i n g  removabl  e .  A 
t o t a l  o f  s i x  b o l t s ,  w h i c h  p r o v i d e s  e a s y  i n s t a l l a t i o n  w i t h  
min imal  l a b o r ,  w i l l  s e c u r e  t h e  e n t i r e  m o d i f i c a t i o n  t o  
I P P L A .  The d i s t a n c e  be tween the  s u p p o r t i n g  r o d s  h a s  t o  b e  
c x a c t . 1 ~  1 2 1  . 9 3  i n c h e s  t o  accommodate t h e  p a s s e n g e r  t u n n e l .  
A l l  g e o m e t r i c  d i m e n s i o n s  have  been a c c o u n t e d  f o r  and car1 be 
seen  i n  b o t h  r e f e r e n c e  f i g u r e s  10 & 11.  The c e n t e r  of 
g r a v i t y  o f  t h e  e n t i r e  a s sembly  when l o a d e d  i s  m a i n t a i n e d  b y  
ad j i i s t i r i g  t h e  c e n t e r  c o u n t c r b a l a n c e  2 1  i n c h e s  t o  o f f s e t  tlic 
m o d i f i c a t i o n .  A s a l e t y  f a c t o r  of f i v e  h a s  bccn riseti t o  
e n s u r e  s a f e  l o a d i n g  c o n d i t i o n s .  T h e  c o m p l e t e  d e s i g n  t ias  
been produced  b y  u s i n g  a m u l t i p l e  o f  f i v e  t imes  t h e  work ing  
w e i g h t  o f  t h e  a s t r o n a u t  t u n n e l  o r  1 2 , 5 0 0  pounds .  A l l  
m e a s u r e s  have  been t a k e n  t o  meet t h e  above  c o n d i t i o n s ,  t h u s  
t h e  r e s u l t  shows p romise  f o r  an o p t i m a l  s o l u t i o n .  
The o p t i m a l  s o l u t i o n  t o  the  d e s i g n  c o n s i s t s  o f  t w o ,  
f o r t y  i n c h  c h a n n e l  beams w i t h  a 1 2  x 2 4  x 1 i n c h  s t r u c t u r a l  
s t e e l  p l a t e  welded t o  t h e  open end o f  t h y  beams. T h e  w e l d s  
8 
shou I d  coliform t o  K e ~ i ~ ~ c t l y  S p a c c  Ccr i t e r -Spec -%-0004 ,  c I ass 
I 3 . ( K e f . 5 )  l h e  s t e e l  p l a t e  s e r v c s  as a niourit l o r  t h e  niaiii 
rod a s s e m b l y .  O n l y  s i x t e e n  i n c h e s  o f  the  t o t a l  
m o d i f i c a t i o n  w i l l  b e  i n s e r t e d  i n t o  t h e  e x i s t i n g  s t r o n g h s c i c  
c h a n n e l  beams. The American S t a n d a r d  Channel. beain f o r  t h i s  
o p t i m a l  d e s i g n  i s  a C7 Y 9 . 8 ,  which w i . 1 1  r e q u i r e  o n l y  f i v e  
hurir l redt l is  o f  an i n c h  m a c h i n i n g  t o  f i t  i n t o  t h e  e x i s t i r i g  
s t r o n g h a c k  c h a n n e l .  (Ref. 3 )  A f t e r  i n s t a l l a t  i o n ,  t h e  
k .4 ;a 
s u r f a c e  o f  t h e  s t r o n g b a c k  p l a t e  and t h e  s u r f a c e  o f  t h e  
m o d i f i c a t i o n  p l a t e  w i l l  be i n  f u l l  c o n t a c t  a l l o w i n g  min ima l  
d e f o r m a t i o n .  A S T M - A 3 0 7  1 5 / 8  i n c h  d i a m e t e r  b o l t s  w i l l  b e  
used  t o  s e c u r e  t h e  in i l ) I~mci i t ed  d e s i g n .  (Ref. 6 )  
'l'lie a r r a n g e m e n t  a n d  t h e  d i a m e t e r  o f  t h c  b o l t s  werc  
d e t e r m i n e d  w i t h  t h e  u s e  o f  a d e t a i l e d  compute r  program 
w r i t t e n  i n  BASIC.  ( A P P E N D I X  A )  T h e  compute r  program was 
w r i  L L e r i  t o  c a l c u l a t e  t h e  t o t a l  s l i e a r i n g  a r i d  b e a r i n g  s t  r c s s  
011 e a c h  b o l t .  The program a l s o  c a l c u l a t e s  t h e  b e n d i n g  and 
s h e a r  s t r e s s e s  w i t h i n  t h e  d u a l  c h a n n e l  beams.  V a r i a b l e s  
w i t t i i n  t h e  program i n c l u d e  t h e  l e n g t h  o f  t h e  c h a n n e l  beams,  
t h e  nuiiiber and d i a m e t e r  o f  b o l t s ,  t h e  t y p e  of channel .  beams 
and t h e  b o l t  c o n f i g u r a t i o n .  The main compute r  s t e p s  takcr i  
t o  s o l v e  f o r  t h e  v a r i a h 1 . e ~  a r e  a s  f o l l o w s :  ( 1 )  i n p u t  
c h a n n e l  t y p e  and l e n g t h ,  b o l t  q u a n t i t y  and d i a m e t e r ,  and  
1)o t t  c o n f i g u r a t i o n ,  ( 2 )  c a l c u l a t e  b o l t  p a t t e r n  c e n t r o i t l ,  ' 
( 3 )  c a l c u l a t e  t o t a l  moment a b o u t  b o l t  c e T t r o i d ,  ( 4 )  
9 
c a l c u l a t e  b o t l i  d i r e c t  a n d  m o r i i c n t  l o a d s ,  ( 5 )  c a l c u l a t e  f o r c e  
c o m p o n e n t s  and u s e  sul)cr p o s i t  i o n  t o  f i nt l  t l ic r e s t i l t a n t  
f o r c c  oii cact i  b o l t .  A f t e r  s u c c e s s i v e  p r o g r n a  K - C I U S ,  t l i u  
o p t i m a l  b o l t  c o n f i g u r a t i o n  was found. ( F i g .  9 & APPENDIX 
1 3 )  The o111y r e s t r i c t i o r i  w i t h i n  ttie program was L I I ~ L  o f  
m a i n t a i n i  r i g  co r i s t , an t  b o \  t d i a m e t e r s .  .The r c s t r i c t i o n  
- , I  
1 :  
4' 
a l l o w s  b o l t s  t o  b e  i n t e r c h a n g e a b l e  upon i n s t a l l a t i o n  a n d  
d o c s  n o t  a f f e c t  t t ie  o p t i m a l  d e s i g n .  
N i n i m u m  w e i g h t ,  maximum s t r e n g t h ,  and low c o s t  a r e  
t h r e e  o f  t h e  c o n t r i b u t i n g  f a c t o r s  t h a t  m a k e  t h i s  d e s i g n  
o p t i m a l . .  Ano the r  f a c t o r  i s  t h e  e x i s t e n c e  o f  r e d u n d a n c y  i n  
t h j  s d e s i g i i .  For  e x a m p l e ,  ttie i n s e r t e d  ct ia i inel  beanis h a v e  
been t lcs i  f ; i i ed  s u c h  t t i a t  t h e y  wi 11 have  1 i t t  1 e room f o r  
p l a y ,  even b e f o r e  t hey  i i r c  s e c u r e d  w i t h  b o l t s .  If a l l  
t h r e e  h o l t s  f a i l  u n d e r  a l o a d ,  I P P L A  c o u l d  s t i l l  c a r r y  t h e  
l o a d  s a f e l y .  Ano the r  fo rm o f  r e d u n d a n c y  i s  t h e  f a c t  t h a t  
t t i e  c1inrincls a r e  b o l t e d  w i t h i n g  ttie c x i s t i n g  s t r o r i g h a c k  
beam tl1;1t e a s i l y  s u p p o r t s  l o a d s  of e i g h t  t l i o u s a r i t l  p o u i i t l s  o r  
more .  The t o t a l .  w e i g h t  o f  t h e  a s t r o n a u t  t u n n c l  i s  o n l y  one 
t o n .  'l'he p r e v i o u s  c o n s i d e r a t i  011s p r o v i d e  sonic o f  t h e  added  
f e a t u r e s  t t i a t  make t h e  s e l e c t e d  m o d i f i c a t i o n  of  t h e  w l i i  t e  
w t i n t e  the  m o s t  a t t r a c t i v e  of ttie f e a s i b l e  s o l u t i o n s .  
10 
2 SI1 i g1 c y ,  J o s e p h  J d w t b r d  arid L a r r y  D.. Mi t c h e l l  , 
! l cchnn  i c a l  l~ng i r i e t ? r i r ig  D e s i g n  ( 4 t h  e d .  ) ,  Mc(;raw-1Ii 1 I 
Ncw York ,  1983.  
3 13ecr, F e r d i n a n d  P .  and E .  11irsscL1 J o h n s t o n ,  J r .  , 
b l c c l i a n i c s  o f  M a t e r - i a l s ,  McGraw-l l i l l ,  New Yorlc, 1081 
4 S i i i i t l i ,  Wi l l  ini i i  F ,  ~ r u c t r i r c  S, 1'1-opert i c s  o f  I I n c : i r i e c r i ~ ~ ~  
~ A I  l o y s ,  b ~ c ( ~ r a w - l l i 1 1 ,  Ncw Yotk ,  1 9 8 1 .  
5 I n t c ~ g r a t t d  P a r t i a l  P a y  l o a d  L i f t i n g  Assembly Drawings  
1)oculilcnis numbers: 7 0 K 2 5 2 0 1  s h c c t s  1-10 
.John K e n n e d y  Space' C e n t e r ,  NASA, N a r .  I , 1 0 8 3 .  
70K08502 s h e e t s  1 1 - 1 2  
6 I3aurnei s t c r  , T h e o d o r e ,  and l3riRcnc A .  A v n  L l o n e ,  Marks '  
S t a n d a r d  I l a n d b o n k  f o r  M ~ ( - t i : i i l i  c a  1 [ . : i igineers ,  
!lcGraw-ll i 1 1  , New Yorlc,  1 9 7 8 .  
A g r a t e f u l  a p p r e c i a t i o n  t o  C r a i g  Baker  a t  N A S A  f o r  his 
c r i c o u r a g i r ~ g  s u p p o r t  and  i n s i g l i t .  
A l s o ,  a special t t iariks t o  111-. 'Lor-en Anderson  a t  t h e  
Ur i ivc r s i  L Y  o f  C e n t r a l  F l o r i d a  f o r  h i s  c o n t i  i i u o u s  s u p p o r t .  
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- ,3n , , 3 1  ~~ ~~~~ ~~ 
. 2 I{ M * :% * ;r >r >:: >:c >: g * t :t 96 xc 4: >t * >k >:< >> >:c >:c y ::: >:< ,t >? >x >> ,? 
5 R l 1 M "  F I O I )  I 1 ' 1  CA'I ' ION OI:  >t 
10 REM* I N ' I ' I ~ ~ ~ I ~ A ' I ' I ~ I ~  I'AR'1'J A I ,  PAY I > O A D  '* 
1 5  REM:$ I , ]  17'1'1 N G  ASSEMBLY >F 
1 7 R 1' 11 * :k ,). >k :k >:: >t >k )t * 4 :t * * >:< >:< * * >: >s * >:< : >: :< :$ >t >k >$ * 
19 REM 
20 R E M t t i  tttttt+ttt+t++++++++t++++t+ 
25 REM+ su l3~ l I '~ ' rE l~  TO: t 
30 R E M +  D R .  I , .  ANIIEIISON + 
3 5  REM+ I + ' A L L  1986 + 
3 7  REMttt++t++tttt++tt+ttttt+t+++++t 
40 R E M  
4 2  REM-------_----------------------- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - -  
4 4  R E M =  SIJf~MI'1'TEI) B Y :  - 
4 5  REM= IJ A R I< r:, N w OOI) w O R  TI] - 
4 6  REPI= P1 I C I I A E I ,  fIA1)DOCK _ 
- 
- 
_ 
4 7  REM= MI31,ODIE G R O A I I  ' *'I I ,  = 
4 8  K~M========================e==--- --- 
4 9  REM 
50 LET C - 0  
5 5  JNPUT " L I ~ N G ' 1 ' 1 I  OF C I I A N N E I ,  ( IN) ? I c  ; L 
6 0  INPIJI' "N11MI1EIi OF B O L T S ? "  ; N 
6 5  INPUT " I ) T A M E ' I ' I ~ K  O F  BOLTS ( 1 N )  ?";D 
7 5  FOR I = l  '1'0 N 
85 NEXT 1 
9 3  LET W=O 
53 I N P U T  v y i ' i c  O F  C I I A N N E I P  ; c 
80 INPIJ'Y "PI,ACIIM17N'1' OF B O L T  FROM ORlGIN?  X=" ; X (  I) : INl'U'1' ' l Y = " .  , Y ( I )  
9 5  I F  Cz9.8 'I'IIEN Wz.8167 : Tz.21 : I M z 4 2 . 6  : 11=7 : 13=2.09 
100 I F  C = 1 2 . 2 5  TIIEN W = 1 . 0 2 0 8  : '1'=.314 : l M = / t 8 . 4 8  : 11=7 : I 3 = 2 . 1 9 4  
1 0 5  I F  C = 1 4 . 7 5  TIIEN Wz1.229 : T c . 4 1 9  : 1 M = 5 4 . 4 8  : 11=7 : B = 2 . 2 9 0  
1 0 7  P K I N ' I '  
1 1 0  PRIN'I' "'I'Y PI7 OF CIIANNEL==C7-" ; C 
1 1  5 PRIN'I' t ' l , E N ( ; ' l ' l l  OF Ci1ANNELS ( I N )  = = ' I ;  I, 
1 2 0  PRIN'I' " N U M I 3 E R  O F  BOLTS USED==" ; N 
1 2 1  PRIN'I' "I) lhME'1 'EIl  O F  B O L T S  ( I N )  ==(';I) 
1 2 2  P R I N T  
1 2 5  PRIN'I' "==PLACEMENT OF B O L T S  FROM ORIGN?-=" 
130 FOR % = 1  '1'0 N 
1 3 5 P R I N T  w x r  ( l lzT1 x = " x  ( z ; I I Y  = " Y  ( z 
1 4 0  NEXT Z 
1 4 5  CW?'=2*W*11, 
1 5 0  I 'WT=77.83  
1 5 5  1 2 = 3 . 1 4 1 0 * ( 1 ) / 2 ) " 2  
1.57 K E N  t + D I 3 ' 1 ' I : I i M l N C ;  CEN'I'ROTDS (13O'I'lI X & Y)+t 
160 C E N = O  
1 6 5  FOR J = l  '1'0 N 
1 7 0  CEN=CIIN + X ( J )  
1 7 5  NEXT J 
1 8 0  C E N T = C l < N / N  
1 8 1  C E Y - 0  
1 8 2  FOR l 3 = 1  ' IO  N 
183 CEY=CI:Y+Y ( U )  
1 8 4  NEXT 13 
1 8 5  C E N Y = C R Y / N  1 
I86 R E b l  = = C I I N ' I ' R O L D  O F  BOLTS W . R . T .  OKJGIN== 
1 8 7  FOR 1J=1 '1'0 N 
189 BX(II)=CENT-X(U) 
190 BY (11) =CENY -Y ( U )  
. .  
I 
1 9  2 13( U )  =Sol( ( BY ( U ) A 2 t 1 1 X  (11) A 2 ) 
1 9 4  NEXT [I 
198 E=CIIN'I 't  1 2 . 7 6 7  
2 0 0  PD=CEN'I ' t  1 2  
2 0 3 
2 0 5 
2 0 7  PKIN'I' " ' I ' I I K  A I ' I ' L I I ~ I ~  MOMEN'I' (I,L3-I) = = I ' ; M  
C D = C I N'T + 2 4 - I ,  / 2 
M =  3 1 2 5 * I ( +  L'W'I ' '~ I' L)+CW'r*(; D 
2 0 6  I 'K 1 N'I '  
2 0 8  PRTN'I' 
2 1 0  P R T N T  Y I N T R O T D  P O S I T I O N  x ( I N )  = = l f ; c ~ ; ~ ~ r  
2 1 2  PRLN'I' "CEN'I'KOLI) l'OS'1'IlON Y ( I N )  ==" ;CENY 
2 1 4  PRIN'I' 
2 1 5  SB=O 
2 2 0  FOR K=l  TO N 
2 2 5  SB=SI3t( 13( K ) ) ^ 2  
2 3 5  NEXT K 
2 4 0  FD=M/ ( N ' X A )  
2 4 3  PRIN'I'  
2 4 5  FOR I{= 1 1'0 N 
2 5 0  FX( R ) = M ' ~ I 1 Y ( K ) / ( S I ~ ' t A )  
2 5 5  FY ( K ) = H " ' I 3 X  ( I< ) / ( S B ' X A )  
2 6 3  NEXT K 
2 6 5  F O R  V = l  '1'0 N 
2 7 0  I F  ( x ( V ) - ( : I 1 N ' I ' ) > O  'I'IIEN T R ( V ) = F Y ( V ) t F D  
2 7 5  I F  (X(V) -CI~ :N ' I ' )<O ' I ' I I R N  TR(V)=FY(V)tFD 
2 7 7  I F  ( X (  V ) - C I ~ N ' l ' ) = O  '1'IIEN T K (  V ) = F D  
2 8 0  N E X T  V 
2 8 5  R E M  & &  CALCULA'I'ING T O T A L ,  FOI<CE O N  E A C l l  B O L T  & ANGLE 01: ATTACK & &  
2 9 0  FOR ( )= l  T O  N 
300 O (  Q ) *  1 . 5 7  l - A T N (  FX( Q ) / T R (  Q )  ) 
303 PK1N'I'"'I'O'I'AL F O R C E  ON B o L T ( " Q " )  ( L B ) =  = " ; S F ( Q )  : P R I N T "  AT A N  AN(; [ , ]<  O F  I t ; (>  
K A  D O K  ; 0 ( Q ) I1 80/  3 . 1 4  16 " D E G "  
305 N K X T  (1 
308 PKIN'I' 
310 R E M  @ @  CAl,CllLA'I'lNG B E A R I N G  STRESS ON E A C l l  B O L T  @ @  
31 5 FOR J'=l '1'0 N 
3 2 3  PRTN'I' "BI:AKING STRESS ON B O L T ( " P " )  ( P S I )  = = " ; I 3 S ( P )  
i ' *  .:I 
1 :  
2 9 5  SI.'( q)=sqri (u (0) ~ + F x ( Q )  *2) 
3 2 0  ns( I ' )=SF(  I ) ) / (  2'X'I''KL)) 
3 2 5  NEXT I' 
3 5 0  P R I N ' I '  
3 5 5  R I < M  ' ~ ' ~ ( : A l , ( ~ t J I , A ' r l  N G  SllEAK STRESS & 1 3 E N D I N G  S'I'KESS IN CI1ANNl<I,S** 
360 SS=M:~II'~I3/ (2':IM) 
3 7 0  PKIN'I'  "SIIIIAII STRESS ON BEAMS=" ; SS 
3 7 5  PK tN'I' " B 1 7 N I ) I N G  STRESS O N  BEAMS=";SIG 
380 P K  T N 'T  
4 7 0  INT'U'I' "110 Y O U  WISll T O  R E P E A T  ( Y / N ) ? " ; F $  
4 7 5  I F  F$="Y" ' I ' I I E N  50 
4 8 0  END 
365 s I G = r i J w  / ( 2 : ~  T ri
A I ’ I ’ E N D I X  II 
I 
15  
'rYP13 01: C I I A N N K I , ? ?  0 . 8  
LENG'I ' I I  01: ( : I I A N N I C L  ( IN)  ? ?  40 
N U M B E R  OF 13OI,'l'S?? 3 
DIAME'1'I:H 01: I301,'l'S ( IN)  ? ?  I . 6 2 5  
Y = ?  2 . 3 3  
Y = ?  4 . 6 6  
Y = ?  2 . 3 3  
P L A C E M I ~ N ' I '  01: i m i , r r  F R O M  O R I G I N ?  x=? 3 
P L A C E F I K N T  01: i w i , r r  F R O M  O R I G I N ?  x=? 3 
P L A C E M E N T  01: nom F R O M  ORIGIN? x=? 1 0 . 5  
TYPE O F  C I I A N N I ~ I . = = C 7 -  9 . 8  
LENG'I 'II  O F  CllANNELS ( IN) ,  == 40 
N U M B E R  OF 1%0L'I'S USED== 3 
D I A M E T E K  O F  L3O1,'lS ( I N )  =* 1 ..625;:! 
' .  
==PLACENf1N'I'  O F  130L'r.S FROM O R l G N ? = =  
B O L T (  1 ) X =  3 Y= 2 . 3 3  
B O L T (  2 ) X =  3 Y =  4 . 6 6  
BOLT( 3 ) X =  1 0 . 5  Y= 2 . 3 3  
TI1E A I ' P l ~ l ~ D  MOMENT ( L B - I )  == 59067 . 0 9  
C E N T R O I D  POSl'I'ION X ( I N )  == 5 . 5  
C E N T R O I D  I'OS'I'iION Y ( I N )  == 3 , 1 0 6 6 6 7  
TOTAL F O R C E  ON B O L T (  1 ) ( L B ) =  = 
1 . 5 2 3 1 1 3  K A t ]  OR 
1 1 2 3 7 . 9 7  
AT A N  ANGI,I: OF 
8 7 .  26770 DllC 
1 1 2 7 6 . 5 3  
AT A N  A N G L E  O F  1 . 6 6 6 5 5 5  R A D  OK 
9 5 .  48634 UIlG 
TOTAL F O K C E  ON BOLT( 3 ) ( L B ) =  = 
6 0 5 4 . 2 0 5  
AT A N  A N ( ; I , I C  O F  1 . 4 8 2 0 2 9  K A D  O R  
8 4 . 9 1  382 DI1G 
T O T A L  I :~RCI: :  O N  uoL'r(  2 ) ( I , B ) =  = 
DEARIN(; S'1'KI:SS ON UOL'I'( 1 ) ( I ' S T )  == 
B E A R T N G  S'I'RLSS ON DOL? ' (  2 ) (PSI) == 
B E A R I N G  SI'RESS ON B O L T (  3 ) ( P S I )  == 
16465.84, 
1 6 5 2 2 , 3 9  
8870 .762  
SI1EAR STRI1SS O N  BEAMS= 1941 1 . 7 2  
B E N D I N G  STKESS ON BEAMS= 4 8 5 2 . 9 3  
DO YOU WISII T O  R E P E A T  ( Y / N ) ? ?  Y 
